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Table 17a.  

 

Rotary drilling:

 

 

 

direct rotary with water-based fluid 

 

[1 inch = 2.54 centimeters]

 

Direct-rotary drilling with water-based fluid 

 

circulates a water-based drilling fluid through the inside of 
the drill stem that returns through the annulus (Comment 1). This method can be combined with 

simultaneously driven casing (Comment 2).

 

Applications Limitations

 

• Drilling in unconsolidated materials, including 
bouldery till and coarse stratified deposits, and in 
consolidated materials (unlimited depth for 
environmental studies).

• Coring of unconsolidated and consolidated 
materials—for example, split-barrel, thin-wall, 
wireline, and other core-barrel samplers (Comment 3).

• Cuttings are returned in drilling fluid.

• Lithologic logging (from cuttings or cores) or geologic 
logging (from cores).

• Drilling is difficult in geologic materials with large 
boulders.

• Borehole diameter usually is 12 inches or less 
(maximum is about 24 inches).

 

Advantages Disadvantages

 

• Casing advance can be used to minimize 
contamination (Comment 4).

• Borehole usually is accessible for geophysical logging 
before casing is installed.

• Annulus between well casing and borehole wall can be 
readily filter packed and grouted.

• Drilling is rapid and readily accomplished.

• Equipment is widely available.

• Drilling fluid can alter or contaminate ground water, 
circulating contaminants from one part of borehole 
throughout the borehole (Comments 1, 4).

• Drilling fluid penetration into the borehole wall can 
prevent complete development of the well.

• Lubricants used during drilling can contaminate 
subsurface materials.

• Location of water table and water-bearing zones 
during drilling can be difficult to detect, unless 
temporary casing is advanced.

• Circulation of drilling fluid often is lost or difficult to 
maintain in fractured rock or gravel units, unless 
temporary casing is advanced (Comment 4).

• Additional equipment needed to install well casing. 
Mobility could be limited.

 

Comments

 

1. The water-based drilling fluid usually is a water-bentonite mixture. Retention of drilling fluid in an aquifer can cause 
elevated concentrations of organic and inorganic constituents.

2. Direct-rotary drilling with a simultaneously driven casing enables drilling in materials that otherwise could collapse; 
eliminates the problem of lost drilling-fluid circulation; eliminates uncertainty regarding the originating depth interval 
of geologic materials.

3. Samples of consolidated materials are collected by casing through the overburden to allow passage of core sampler to 
the consolidated zone.

4. Use of a temporary casing minimizes the loss of circulation in porous materials and reduces cross contamination 
among hydrogeologic units

 

. 
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Table 17b.  

 

 

 

Rotary drilling:

 

 

 

reverse circulation with water

 

[1 inch = 2.54 centimeters]

 

Reverse-circulation drilling 

 

circulates water downward through the annulus, between the drill string 
and borehole wall, through the drill bit, and back up the inside of the drill string. Water 
without additives normally is used as the drilling fluid, occasionally with air to assist 

circulation (Comments 1, 2).

 

Applications Limitations

 

• Drilling in unconsolidated materials and in soft 
consolidated materials (without depth limitation for 
environmental studies).

• Can be used for large-diameter boreholes.

• Samples of unconsolidated materials using split-
barrel, thin-wall, wireline samplers. 

• Samples of consolidated materials using wireline or 
other core-barrel samplers.

• Cuttings from return in drilling fluid.

• Drilling through cobbles and boulders and through 
igneous and metamorphic rocks may be difficult to 
impossible (Comment 3).

• Well diameter generally is 8 inches or less.

 

 

 

• Borehole diameter usually is 30 inches or less for 
environmental purposes.

 

Advantages Disadvantages

 

• Disturbance to hydrogeologic units is minimized.

• Borehole is accessible for geophysical logging before 
installation of casing.

• Large-diameter borehole permits easy installation of 
well casing, filter pack, and annular seals between well 
and borehole wall.

• Drilling is rapid and readily accomplished.

• Equipment is widely available.

• Method is relatively inexpensive.

• Large quantities of non-native water usually are 
required during drilling and can be a cause of 
contamination between depth intervals.

• Use of air or other drilling fluids and additives can 
contaminate ground water and geologic materials and 
circulate contaminants found in one interval 
throughout the borehole.

• Drilling fluid can result in additional well 
development effort.

• Lubricants used during the drilling process can 
contaminate ground water and geologic materials.

• Drilling equipment is large and heavy, making site 
access and mobility potentially difficult.

 

Comments

 

1. Air is used to enhance fluid circulation and help transport cuttings to the surface, but not as a primary drilling fluid. 
Drilling fluid can consist of clear water; water mixed with minor concentrations of clay or polymers; water and air; or 
water and air and minor concentrations of additives. 

2. Bentonite clay is added to clear water only if it is needed to increase fluid density and viscosity in order to carry cut-
tings to the surface. Because of this, mud control and mud contamination is much less a concern than in direct-rotary 
drilling. Large volumes of non-native water are required, compared with direct rotary and are a potential source of con-
tamination. 

3. Cobbles can be removed with “clam shell” or “orange peel” equipment.



 

INSTALLATION OF WELLS        55

 

  

 

 

 

Table 17c.  

 

Rotary drilling:

 

 

 

dual-wall

 

 

 

reverse circulation

 

[1 foot = 0.3048 meter; 1 inch = 2.54 centimeters]

 

Dual-wall reverse circulation

 

 is an effective method for drilling water-quality monitoring wells 
because contamination and disturbance to the subsurface is reduced by the presence of a 

temporary casing in the borehole. Drilling fluid is circulated between the inner and outer (dual) walls 
and cuttings are returned through the inner tube (Comment 1).

 

Applications Limitations

 

• Drilling in unconsolidated, partly consolidated, and 
consolidated materials.

• Coring of geologic materials (split-barrel, thin-wall, 
and wireline samplers). 

• Cuttings are returned in drilling fluid: can identify 
originating depth.

• Good yield estimates of water-bearing zones.

• Lithologic and geologic logging from cuttings or 
cores.

• Depths from 1,200-1,400 feet in unconsolidated 
materials and to 2,000 feet in consolidated material 
(Comment 2).

• Borehole diameter usually is 10 inches or less.

• Casing diameter is 1 to 2 inches if installed through 
dual-wall casing.

• Well diameter generally is 6 inches or less if a dual-
wall drill stem is not used.

 

Advantages Disadvantages

 

• Circulation of drilling fluid is contained within the 
dual-wall pipe. This reduces contamination among 
depth intervals and other problems
(Comments 3 and 4). 

• Outer casing of dual-wall drilling pipe seals off 
contaminated intervals.

• Outer casing of dual-wall drilling pipe prevents 
collapse of borehole wall during drilling.

• Drilling is rapid and readily accomplished.

• Equipment is widely available.

• Drilling fluids can cause subsurface contamination 
(Comments 3 and 4).

• Lubricants used during the drilling process can 
contaminate ground water and geologic materials.

• Borehole is not accessible for many geophysical logs.

• Extraction of casing can cause smearing of borehole 
wall with silt or clay encountered during drilling.

• Emplacement of filter pack and annular seals can be 
difficult.

 

Comments

 

1.

 

Dual-wall reverse-circulation drilling has similar advantages to the casing-advancement techniques used in direct-
rotary drilling: drilling is readily accomplished in unconsolidated materials that ordinarily would collapse during the 
drilling process or before casing installation (Driscoll, 1986, p. 302).

2. System works best to 600 feet but greater depths are achieved using booster compressors.

3. Use of a temporary casing minimizes the loss of circulation in porous materials

 

. 

 

The casing seals off contaminated 
intervals, reduces cross contamination among hydrogeologic units, and prevents clogging of aquifer materials at the 
borehole. Temporary casing eliminates uncertainty of whether or not aquifer-material and ground-water samples origi-
nate from the hydrogeologic unit(s) being drilled rather than from elsewhere along the borehole.

4. The only contact of the drilling fluid with the borehole wall occurs near the drill bit. Drilling fluid can consist of air, air 
plus water, air plus water plus surfactants, or water with clay or polymers. 
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Table 17d.  

 

Rotary drilling:

 

 

 

wireline

 

[1 inch = 2.54 centimeters]

 

Wireline rotary drilling 

 

uses special drilling rods with enlarged inside diameter and specially designed 
diamond or carbide bits. Wireline methods include direct rotary wireline with water-based fluid (Comment 1a) 

and casing advancement with or without air or other drilling fluids (Comment 1b).

 

Applications Limitations

 

• Used primarily for drilling consolidated materials, but 
applicable for unconsolidated materials, including gravel 
and cobble deposits (unlimited depth for environmental 
studies).

• Large-diameter casing allows borehole testing such as 
packer testing and geophysical logging at selected 
intervals (Comment 2).

• Continuous coring (Comment 3).

• If fluid is used, originating depth of cuttings can be 
identified.

• Lithologic loggings (from cuttings or cores) or geologic 
logging (from cores).

• Drilling fluids and polymer additives are required under 
some conditions. 

• Borehole diameter is usually 6 inches or less (maximum 
diameter is about 24 inches).

 

Advantages Disadvantages

 

• Large-diameter rods provide temporary casing for bore-
hole testing or installation of well or other monitoring 
device.

• Casing-advancement technique can be used to minimize 
contamination (Comment 1b).

• Air can be used instead of water-based fluid for drilling 
consolidated materials.

• Well casing can be installed through hollow wireline 
casing; annulus between well casing and borehole wall 
can be filter packed and sealed.

• Drilling is rapid and readily accomplished.

• Drilling fluid and polymer additives can alter or 
contaminate ground water, circulating contaminants from 
one part of borehole throughout the borehole 
(Comments 1, 3).

• Plugging or hydraulic fracturing of borehole wall can 
occur if drilling rate is too rapid or the circulating air 
pressure is increased excessively.

• Drilling fluid use can hamper or prevent complete 
development of the well.

• Circulation of drilling fluid often is lost or difficult to 
maintain in fractured, weathered, or extremely porous 
units, unless casing is advanced).

• Drill bit can be sandlocked or plugged in saturated 
cohesionless materials.

 

Comments

 

1a. Direct rotary wireline drilling with water-based drilling fluid is applicable if fluid circulation can be maintained. The water-
based drilling fluid usually is a water-bentonite mixture. Retention of drilling fluid in an aquifer can cause elevated concentra-
tions of organic and inorganic constituents.

1b. Casing-advancement wireline drilling enables high penetration rates in all types of consolidated and unconsolidated materi-
als, prevents borehole collapse, minimizes the loss of circulation in fractured or porous materials, seals off contaminated 
intervals, and minimizes cross contamination among hydrogeologic units.

2. Core-barrel assembly must be removed before inflatable borehole packer(s) are run on the wireline system.

3. A pilot bit is replaced with a core-barrel assembly for sampling in consolidated or unconsolidated materials, or the coring 
assembly can be used to advance the borehole. Boreholes drilled by the wireline method usually require greater well-
development effort than cable-tool drilled holes.

SAFETY NOTE: Method can enhance volatilization of organic compounds and release considerable dust at land surface. Inhal-
ing volatile organic compounds and drilling dust 

 

can pose a health hazard.
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Table 18.  

 

Air-rotary drilling and casing-driver systems

 

[1 inch = 2.54 centimeters]

 

Direct air-rotary drilling 

 

circulates compressed air (Comments 1, 2). 

 

Down-the-hole (DTH) air hammer 
drilling 

 

uses a pneumatic hammer bit that rapidly strikes the rock as the drill bit is rotated, 
pulverizing the rock and increasing the drilling rate (Comments 1, 3)

 

.

Applications Limitations

 

• Drilling in partly consolidated and consolidated geologic 
units (unlimited depth for environmental studies) 
(Comments 1, 2). 

• Hammer method facilitates penetration in hard rock units 
and in poorly consolidated gravel and cobble layers in 
alluvial deposits.

• Coring of unconsolidated and consolidated material; for 
example, split barrel, thin-wall, wireline, and other core-
barrel samplers (Comment 4). 

• Cuttings returned in air stream. Accurate correlation 
between cuttings and depth interval.

• Can estimate yields of water-bearing zones and location of 
water table.

• Lithologic logging (from cuttings or cores) or geologic 
logging (from cores).

• Method is not applicable for unconsolidated aquifers 
(Comments 1, 2).

• Water, foam, or other fluid must be injected once saturated 
zone is encountered.

• Borehole diameter is 24 inches or less for direct air rotary.

• Borehole diameter is 12 inches or less for down-the-hole 
air hammer. 

• Location of water-bearing zones during drilling can be 
difficult to detect, unless hammer method is used. 

 

Advantages Disadvantages

 

• Casing advancement can be used (casing-driver system) 
(Comment 1).

• Borehole is accessible for geophysical logging before 
construction of well.

• Annulus formed between well casing and borehole wall 
can be filter packed and sealed readily.

• Drilling is rapid and readily accomplished.

• Well development is relatively easy.

• Equipment is widely available.

• Air and foam can contaminate and alter ground-water 
chemistry. Aeration of anoxic ground water can induce 
local changes in ground-water chemistry. (Comment 5).

• Potential cross contamination of hydrogeologic units along 
borehole.

• Circulation of drilling fluid often is lost or difficult to 
maintain in fractured rock or gravel units.

• Lubricants used during the drilling process can 
contaminate subsurface systems.

• Air hammer can alter hydraulic properties of the rock near 
the borehole by opening new fractures.

• Additional equipment required for temporary casing: high 
cost with larger hole diameters.

 

Comments

 

1.

 

Direct air-rotary or DTH drilling, in combination with a casing-driver system, can be used for many subsurface conditions and is 
necessary for drilling soft, friable rock. 

 

2.

 

Direct air-rotary drilling relies on the stability and cohesiveness of subsurface materials. 

3. The DTH hammer must be continuously lubricated with oil injected into the air stream. Type of oil, oil-injection rate, location of 
injection in borehole, quantity injected, and chemical makeup of oil should be documented.

4. Consolidated materials are collected by casing through the overburden. 

5. An air stream carries hydrocarbons to subsurface. Hydrocarbon input can be reduced, but not eliminated, by placing filters in the 
compressor intake port and on the discharge port. Air stream can strip volatile compounds from the subsurface. A foam surfac-
tant or viscosifiers can be added to the air stream to enhance drilling speed and removal of cuttings. Foam additive reduces loss 
of air into geologic units, but can affect ground-water chemistry.

SAFETY NOTE: Heat generated from friction between drill rods and earth materials can enhance volatilization of organic com-
pounds that are carried in the air stream and released at the surface. If present, exposure to volatile organic compounds 

 

can pose a 
health hazard

 

 

 

(Barcelona and others, 1985, p. 27-28).
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drill systems used most commonly in combination 
with down-the-hole air hammers (and less com-
monly with rotary rock bits or wireline) for rapid 
construction of wells in materials which are difficult 
to drill by other methods, or where casing is required 
to maintain drilling-fluid circulation or to protect the 
borehole integrity (W.E. Teasdale, written commun., 
1996). The use of a protective casing reduces poten-
tial contamination of overlying materials from lower 
hydrogeologic materials and allows for detailed 
sampling and testing of material at the base of the 
borehole. Casing-driver systems achieve high drill-
ing rates in most unconsolidated materials and are 
effective in hard and soft consolidated materials.

A technique used to enhance drilling speed and 
the removal of cuttings is to add a foam surfactant and 
possibly carboxyl methyl cellulose (CMC) to the air 
stream. Viscosifiers, or “stiff foam” refers to a foam 
containing film-strengthening materials such a poly-
mers and bentonite. The foam reduces air penetration 
into the aquifer (Driscoll, 1986, p. 297), and the vicosi-
fier enhances the cuttings-carrying capability of the air 
stream (W.E. Teasdale, written commun., 1996). The 
air discharged from the compressor must be filtered, as 
it could contain hydrocarbons that affect ground-water 
quality (Aller and others, 1989, p. 89). 

 

Cable-tool drilling

 

Cable-tool drilling is accomplished by repeat-
edly lifting and dropping a weighted drill bit that is sus-
pended from a cable (table 19). The repeated dropping 
and rotating of the bit loosens and breaks up materials 
at the bottom of the borehole. Periodically, the drill bit 
is removed from the borehole and the slurry of water 
and cuttings at the bottom of the borehole is removed 
with a bailer. Although no drilling fluids are used with 
the cable-tool method, water must be present in the 
borehole for the bailer to remove the cuttings.

When drilling in unconsolidated materials, a 
temporary casing is simultaneously driven during drill-
ing to prevent borehole collapse. This reduces the 
potential for cross contamination of hydrologic units in 
the borehole by sealing off each section as it is drilled. 
This method also eliminates uncertainty of the depth 
interval from which samples of geologic materials and 
ground water originate. The percussion effect can alter 
the physical characteristics of subsurface materials.

 

Jet-wash and jet-percussion drilling 

 

Jet drilling is accomplished by pumping water 
under pressure down a small-diameter pipe fitted with 
a jet-wash drill bit (table 20). Subsurface materials are 
loosened by the drill bit and by the jetting action of the 
drilling fluid as it exits the drill bit. The drilling fluid 
carries the cuttings to the surface in the annulus formed 
between the drill string and borehole wall. The drill 
string also should be rotated by hand to increase the 
rate of drilling. 

Jet-percussion drilling is the same as jet-wash 
drilling except that the drill string is repeatedly lifted 
and dropped as the drilling proceeds in order to further 
loosen subsurface materials. Lifting and dropping the 
drill string can be done by hand with small drilling rigs; 
with larger drilling rigs it usually is done mechanically.

If drilling in materials that are subject to bore-
hole collapse, a temporary casing can be advanced 
simultaneously with the jetting. Once jetting to the 
required depth is complete, the drill string is extracted 
and the well is constructed in the borehole (or in the 
temporary casing). Alternatively, the well can be con-
structed by putting the jetting assembly inside the well 
casing and jetting the well into the subsurface 
(Driscoll, 1986, p. 489).

Because of the damage caused to the borehole, 
jet-wash and jet-percussion methods usually are not 
recommended for constructing water-quality monitor-
ing wells. 

 

Direct-push systems and vibration drilling

 

Wells or temporary sampling installations can be 
constructed without excavation of a borehole by using 
a direct-push system or vibration (also called “reso-
nance”) drilling. Direct-push systems and vibration 
drilling incorporate rapidly expanding technologies 
that also have been developed for use with instrumen-
tation for subsurface screening and on-site analysis of 
hydrologic, geochemical, and geologic data. Cone 
penetrometers, for example, often are used in conjunc-
tion with direct-push systems or vibration drilling to 
delineate zones of high permeability in aquifers and 
other characteristics of subsurface materials (Robert-
son and Campanella, 1984; Smolley and Kappmeyer, 
1991; Chiang and others, 1992). The laser-induced flu-
orescent penetrometer senses petroleum hydrocarbons 
in unconsolidated materials (Lieberman and others, 
1991). Some cone penetrometer systems incorporate 
chambers for collection of water-quality samples. 
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Table 19.  

 

Cable-tool drilling

 

[1 foot = 0.3048 meter; 1 inch = 2.54 centimeters]

 

Cable-tool drilling 

 

is a laborious method that involves lifting and dropping a cable tool to break up 
and loosen geologic materials at the bottom of the borehole, normally while simultaneously 

driving a temporary casing. 

 

Applications Limitations

 

• Drilling in unconsolidated materials, but can be used 
for consolidated materials. Drilling possible in most 
types of subsurface conditions, including cobbles, 
boulders, and cavernous or fractured rock. 

• Coring of geologic materials with split-barrel sampler 
(Comment 1).

•  Cuttings returned in bailer (Comment 2). 

• Excellent for detecting thin water-bearing intervals.

• Excellent for estimating yield of water-bearing 
intervals.

• Lithologic logging (from cuttings or cores) or geologic 
logging (from cores).

• Limited to shallow installations (around 200 feet) if 
drilling open borehole for well with filter-pack and 
annular-seal completion; otherwise, depth to almost 
5,000 feet.

• Low penetration rates when drilling fine-grained 
materials.

• Borehole diameter usually is 8 inches or less for 
environmental studies.

 

Advantages Disadvantages

 

• Avoids use of drilling fluids and associated problems 
of subsurface contamination and loss of fluid 
circulation.

• Low potential for cross contamination of ground water 
at one depth interval from other intervals.

• Advance of temporary casing maintains borehole 
stability and reduces cross contamination. 

• Well can be completed within temporary casing (see 
Comment 3).

• Method allows for easy installation and precise 
placement of casing.

• Well development is relatively easy.

• Small rig size allows for drilling where site access can 
be a problem with other drilling methods.

• The percussion action damages physical properties of 
the hydrogeologic units.

• Borehole geophysical logging may not be possible 
unless there is water in the casing.

• Heaving of unconsolidated materials into bottom of 
casing can be a problem.

• Removing the temporary casing can cause difficulties 
in emplacing an effective filter pack and annular seal.

• Drilling rate can be slow.

 

Comments

 

1. Recovery of geologic samples excellent over entire depth of drilling.

2. Fluid is added to the bottom of the hole to make a slurry for sampling with a bailer.

3. After drilling is completed, well casing, filter pack, and annular seals can be installed inside the temporary casing 
before the casing is extracted. 
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Table 20.  

 

Jet-wash and jet-percussion drilling

 

[1 foot = 0.3048 meter; 1 inch = 2.54 centimeters]

 

Jet-wash drilling

 

 loosens subsurface materials with the drill bit and by the jetting action of the drilling 
fluid as it exits the drill bit. The drilling fluid carries cuttings to the surface. 

Jet-percussion drilling loosens subsurface materials be repeatedly lifting and dropping the drill 
stem as drilling proceeds.   

Applications Limitations

• Drilling in unconsolidated (silt and sand) materials.

• Coring of geologic materials with split-barrel sampler.

• Cuttings are returned in fluid. 

• Lithologic logging from cuttings or cores, or geologic 
logging from cores (Comment 1).

• Presence of gravel, cobbles, or boulders impede 
drilling.

• Jet-wash drilling limited to depths of 25 to 50 feet or 
less, depending on materials encountered.

• Jet-percussion drilling limited to depths of 50 feet or 
less.

• Borehole diameter usually is 4 inches or less for 
environmental purposes.

Advantages Disadvantages

• Precludes use of drilling clays and polymers.

• Advance of temporary casing maintains borehole 
stability and reduces cross contamination. 

• Well can be completed within temporary casing 
(Comment 2).

• Method allows for precise placement of a well.

• Equipment is highly mobile and widely available.

• Drilling is rapid and readily accomplished.

• A minimal amount of equipment is required.

• Jet-percussion drilling can cause compaction or 
otherwise alter physical characteristics of hydrologic 
units.

• Use of non-native water can affect ground-water 
quality when temporary casing is not used. 

• Ground water from different depth intervals can mix 
with materials from different depth intervals as they 
are carried to the surface when temporary casing is 
not used.

• Ground water at one depth interval can be 
contaminated by ground water from other intervals.

• Borehole can collapse before setting the well when a 
temporary casing is not used.

• Temporary casing can cause problems with the 
emplacement of a filter pack and annular seal.

• Large quantities of water are required during drilling.

Comments

1. There is a good correlation between samples of geologic materials with the depth interval when casing is advanced 
during jetting.

2. After drilling is completed, a well casing, filter pack, and annual seal can be installed inside the temporary casing 
before the casing is extracted. 
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 Direct-push systems produce relatively small 
(less than 4-in. diameter), shallow (~100-ft or ~30-m) 
wells and are used only for unconsolidated materials. 
Vibration drilling produces larger diameter (8 in. or 
~20 cm or greater), deeper (about 500-ft or at least 
150-m) boreholes and can be used for consolidated, 
partially indurated, or bouldery and cobbley materials, 
as well as for unconsolidated materials. 

Direct-push systems.—Direct-push methods 
often are classified as sampling systems rather than as 
a well-construction method. Direct-push systems are 
being used primarily to perform rapid site reconnais-
sance in unconsolidated materials to guide the place-
ment of wells. Direct-push methods generally result in 
temporary installations from which samples of ground 
water or geologic materials are collected or analyzed, 
but sometimes permanent installations are completed if 
State and local regulations governing the construction 
of monitoring wells have been met. Direct-push sys-
tems also are used to collect samples or complete well 
construction after an initial length of borehole has been 
excavated using either vibration or a conventional drill-
ing method.

Drive points and small-diameter hollow rods can 
be installed using direct-push systems in unconsolidated 
materials at relatively shallow depths for (1) single 
sampling events in discrete intervals, (2) incremental 
sample collection throughout drilling, and (3) instal-
lation of temporary or permanent wells (table 21) (J.A. 
Farrar, written commun., 1995). Direct-push systems 
use either combinations of percussion and resonance 
driving, with or without static force; static force using 
hydraulic penetrometer, vibratory, or drilling equip-
ment; or incremental drilling combined with direct-
push water-sampling techniques. Use of truck-mounted 
hydraulic, drive, or vibratory equipment requires con-
siderably less labor than manual installation. 

Three types of wells installed using direct-push 
systems include:

• A simple drive-point piezometer or sampler that is 
pushed or driven to the desired depth and left in 
place for sample collection.

• A drive point that is pushed or driven to a specified 
depth and used to collect a water sample, then sub-
sequently pushed (or driven) to greater depths and 
used to collect samples at those depths.

• A drive-point casing that is pushed or driven to a 
specified depth, after which a multilevel sampler 
(for example, fig. 5c) is lowered through the casing 
and the casing is withdrawn. This allows the geo-
logic materials to collapse around the sampler, 
which can be left in the ground.

 The well must be constructed with a long 
enough column of overburden materials to ensure an 
adequate annular seal above the well screen. If an ade-
quate seal is not obtained, standard well-completion 
procedures are required. Direct-push systems are 
designed with a single-wall or double-wall casing. 
Single-wall casing systems are used for rapid advance-
ment to the depth of interest. As the well screen or sam-
pler is pushed (or driven) through geologic materials, a 
zone of compaction forms around the rods, which helps 
to form a natural seal of native materials above the 
drive point or sampler screen. If a double-tube system 
is used, the installation requires placement of an annu-
lar seal (see “Well Completion”) when the outer rods 
are removed. The advantage of double-wall casing is 
that it can be used to collect samples at known depths 
as the outer casing is advanced. 

A variety of materials are available in different 
design configurations to address monitoring problems. 
Well screens that are protected with a retractable riser 
during casing advancement should be used for water-
quality studies. Protected screens also have an advan-
tage of protecting the screened area from exposure to 
ground water until the depth of interest is reached, as 
well as protecting the screen from physical damage. 
Discrete or continuous cores of geologic materials can 
be collected, but the coring equipment must be pulled 
back and replaced with the well point or ground-water 
sampler for temporary or permanent construction of the 
well. Direct-push systems do not produce cuttings.

Vibration drilling. —Vibration drilling, also 
termed resonance drilling, involves a dual (double-
tube) casing and simultaneous use of high-frequency 
vibrations (50 to 200 hertz) and low-speed rotation 
coupled with downpressure to drill a borehole while 
taking continuous core samples of unconsolidated and 
most consolidated materials (table 22). The core barrel 
is advanced ahead of the outer casing in increments that 
can range from 1 to 30 ft (~0.3 to ~9 m). The outer cas-
ing usually is advanced dry, but air, water, or water-
based drilling fluids can be applied depending on the 
type of materials encountered, borehole depth, and 
sample-collection objectives or other requirements. 
The well-casing, screen, and well-completion materi-
als are installed through the outer drilling casing, after 
which the outer casing is vibrated out of the borehole. 
This vibration enhances emplacement of the filter 
packs and annular seals between the borehole wall and 
well casing.

The vibration method normally is used to con-
struct a permanent monitoring well. Vibration drilling 
also provides the capability to collect samples with 
direct-push coring equipment and to sample soil vapors 
and ground water.



62        GUIDELINES AND STANDARD PROCEDURES FOR STUDIES OF GROUND-WATER QUALITY 

 

Table 21.  Direct-push systems

[1 foot = 0.3048 meter; 1 inch = 2.54 centimeters]

Direct-push installation systems use push or drive force to install temporary or permanent wells. 
Rapid installation allows for rapid site reconnaissance. Ground-water quality can be monitored with 

depth, continuously, or at discrete intervals. 

Applications Limitations

• Drilling in unconsolidated (silt and sand) materials.

• Installation of small-diameter wells or temporary 
sampling devices to screen for water-quality and 
hydrologic properties.

• Concurrent use of direct push with mobile laboratory 
allows rapid real-time monitoring and assessment of 
ground-water-quality or hydrologic data.

• Continuous or discrete cores of unconsolidated 
materials to 4 feet in length.

• Sampling screens available in large or small diameter 
sizes—large-diameter screen used for collection of 
nonaqueous phase liquid substances (NAPLS).

• Penetration not possible in hard, consolidated 
materials and can be difficult or impossible in soft 
rock (claystones and shales); in coarse materials such 
as gravel, cobbles, and boulders; and in caliches 
(Comment 1). 

• Normally used for a temporary installation.

• 40-feet or less depth for hand-pushed or driven wells.

• 100-feet or less depth using power-driven or direct-
push equipment.

• Well diameter is 2 inches or less.

• No drill cuttings generated for use for lithologic 
logging.

Advantages Disadvantages

• Precludes use of drilling fluids and lubricants.

• Ground-water samples and samples of subsurface 
materials can be collected at multiple locations per day 
(depending on site characteristics and depth 
requirements).

• Minimizes disturbance of subsurface geochemistry 
disturbance to field site also is minimal because 
equipment is relatively lightweight.

• Avoids need to dispose of subsurface fluids and 
materials.

• Well-development and purging efforts are relatively 
small and rapid, if using protected well screen.

• Well screens can be emplaced without exposure to 
overlying materials. Double-tube systems allow easy 
sealing above the well screen.

• Equipment is highly mobile, allowing good site 
accessibility.

• Drive or push method is rapid.

• Singular sampling event—usually not suitable for 
repeated or long-term monitoring.

• Small-diameter drive pipe or casing generally 
precludes conventional borehole-geophysical 
logging.

• Casing and drive point are constructed of steel 
(Comment 2).

• Drive points yield relatively low rates of water; 
ground-water sample volume is small.

• Turbidity usually is high in water samples.

• Well screen can become clogged during driving, 
making well development difficult, if using an 
unprotected well screen.

• Drive methods can cause compaction or otherwise 
alter physical characteristics of subsurface units.

Comments

1. If a well is to be pushed or driven into unconsolidated materials that are overlain by cemented or consolidated materi-
als, vibratory or conventional drilling methods can be used to penetrate the overlying formation and then direct push or 
drive is used to construct a well at the interval of interest.

2. Because of the force and pressure applied to direct-push devices, the sampler body and sampler tip typically are com-
posed of steel, stainless steel, or other metal alloys.   Well-screen materials are available in stainless steel, rigid PVC, 
PTFE, PE, and PP. The user should consider if screens or tips left in the well will leach materials that can bias concen-
trations of the constituents to be analyzed for the study.



INSTALLATION OF WELLS        63

  

Table 22.  Vibration drilling

[1 foot = 0.3048 meter; 1 inch = 2.54 centimeters]

Vibration drilling: dual-cased drilling system that uses high-frequency mechanical vibration to take 
continuous core samples and advance a borehole for permanent well installation (Comment 1). 

Applications Limitations

• Drilling in unconsolidated and consolidated materials, 
and through boulders, wood, concrete, and other 
construction debris.

• Can obtain large-diameter, continuous, and 
representative cores of unconsolidated and 
consolidated materials (Comment 2).

• Used with equipment to monitor ground-water and 
vapor chemistry.

• Used with direct-push equipment for environmental 
monitoring.

• Can estimate aquifer yield.

• Limited to 500-foot depth.

• No geologic logging using cuttings.

• Borehole diameter is 12 inches or less (Comment 3).

Advantages Disadvantages

• Normally avoids use of drilling fluids and lubricants 
and disposal of subsurface fluids and materials.

• Casing is advanced.

• Minimal disturbance of subsurface geochemistry.

• Concurrent use with direct push with mobile 
laboratory allows real-time monitoring and assessment 
of ground-water quality or hydrologic data.

• Easily adapted to conventional wireline core drilling, 
fluid-rotary drilling, or down-the-hole hammer drilling 
methods.

• Reduction in waste disposal from drill cuttings.

• Drilling is more rapid than other methods, with the 
exception of dual-wall reverse circulation.

• Equipment is highly mobile, allowing good site 
accessibility.

• Drilling and sampling in consolidated materials 
requires addition of water or air or both to remove 
cuttings (Comment 2).

• Some types of borehole-geophysical logs are not 
possible when water-based fluid is not used.

Comments

1. Vibration drilling, with some variations, is also referred to as sonic, rotasonic, sonicore, and ResonantSonic drilling. 

2. Method produces few cuttings.

3. Optimal bit diameter is 8 inches or less for boreholes more than 100 feet deep.
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Well Completion

Well completion primarily consists of backfilling 
and sealing the annular space between the borehole 
wall and the installed well screen and casing. At the 
end of well completion, an outer casing usually is 
installed, along with a surface seal, to protect the well. 
The basic purpose of well completion is to ensure 

• that the hydraulic head measured in the well is that 
of the aquifer targeted for study, 

• only the aquifer targeted for study contributes water 
to the well, and 

• the annular space is not a vertical conduit for water 
and contaminants. 

The four major elements of well completion are 
(1) installation of the primary filter pack around the 
well screen, if a well screen is used and a filter pack is 
required; (2) installation of a secondary filter pack 
above the primary filter pack; (3) installation of the 
annular seal(s); and (4) installation of a surface seal, 
protective casing, and cover around the well at land 
surface. Figure 3 illustrates these major elements for a 
well with a filter-packed well screen installed in uncon-
solidated materials.

Objectives and considerations for each of the ele-
ments of well completion are discussed below. Ordi-
narily, these elements are followed in sequence and are 
the steps that comprise well completion. However, 
completion practices can differ considerably among 
wells, depending on geologic materials, well design, 
and method of well drilling or construction. Each ele-
ment of well completion might be modified or even 
omitted in some situations. For example, completion of 
a well might not require placement of either the pri-
mary and secondary filter packs. Completion of a well 
in consolidated materials in which one well casing 
extends from above the open interval (no well screen 
installed) to land surface could require only an annular 
and surface seal. Also, some steps of well completion 
are not possible, such as installation of filter packs and 
annular seals for wells pushed or driven through 
unconsolidated materials.

STANDARD PROCEDURE: SEAL THE 
ANNULAR SPACE BETWEEN THE BORE-
HOLE WALL AND WELL CASING ABOVE 
THE FILTER PACK(S) TO ENSURE THAT 
THE SAMPLE WATER IS ONLY FROM THE 
TARGETED INTERVAL.

Specific details of well completion require 
knowledge and consideration of hydrogeologic factors, 
including depth to the water, to the top of the aquifer of 
interest, and to the zone in the aquifer to be monitored; 
and the nature of materials that make up the aquifer and 
those that overlie the aquifer (for example, unconsoli-
dated, partly consolidated, or consolidated materials). 
Other site-specific factors include whether or not con-
solidated materials are fractured or have openings 
caused by dissolution; water-level fluctuations; 
whether the vertical head gradient is downward, 
upward, or fairly uniform with depth; and if the aquifer 
is confined or unconfined. 

Documentation of the methods and materials 
used for well completion is required. This documenta-
tion includes a field log of the methods used, conditions 
encountered, and a diagram of the completed well 
(fig. 16, page 91). The well-completion diagram indi-
cates borehole depth and diameter; if cased, the type, 
diameter, length, and materials used for the well casing 
and screen; the number of wells installed in the bore-
hole; the locations and lengths of screened or open 
intervals; if emplaced, the materials, length, and thick-
ness of filter packs, annular and surface seals; and, if 
used, the characteristics of the protective casing. 

To prevent contamination of water in the bore-
hole, pumps, tremie pipes, or other equipment used 
downhole during well completion must be properly 
employed and decontaminated. Additional information 
about well completion can be found in Driscoll (1986) 
and ASTM (1992). Compliance with Federal, State, 
and local regulations for well completion is mandatory. 

Filter Packs

Two filter packs are installed in the annular space 
surrounding and immediately above the well screen: 
the primary filter pack and the secondary filter pack. 
Each fulfills different objectives and should be 
designed accordingly. 

Primary filter pack

The primary filter pack (also called a sand, 
gravel, or filter pack) is a cylindrical envelope of mate-
rial that backfills the annulus around the well screen to 
retain and stabilize geologic materials from the hydro-
geologic unit (fig. 3). Primary filter-pack grain size and 
gradation are designed to permit only the finest grains 
to enter the screen during development, resulting in rel-
atively sediment-free water in samples collected after 
development. The length of the filter pack also is an 
important consideration. The primary (or secondary) 
filter pack(s) must not intersect multiple water-bearing 

STANDARD PROCEDURE: SEAL THE 
ANNULAR SPACE BETWEEN THE BORE-
HOLE WALL AND WELL CASING ABOVE 
THE FILTER PACK(S) TO ENSURE THAT 
THE SAMPLE WATER IS ONLY FROM THE 
TARGETED INTERVAL.
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Table 23.  Recommended primary filter (sand) pack size for common screen slot sizes (modified from 
ASTM, 1992, p. 128)

Size of screen opening, 
in millimeters (inches)

Slot number
Filter (sand) pack mesh 

size designations

0.125 (0.005)  5 100

0.25 (0.010) 10 20 to 40

0.50 (0.020) 20 10 to 20

0.75 (0.030) 30 10 to 20

1.0 (0.040) 40 8 to 12

1.5 (0.060) 60 6 to 9

2.0 (0.080) 80 4 to 8

pack material of known chemistry, such as glass 
beads, could be used (ASTM, 1992). It is not recom-
mended that native materials brought to the surface 
during the drilling process be used in a filter pack. 
This material could contain contaminants or could 
become contaminated during its extraction or at land 
surface. By returning potentially contaminated mate-
rial to the borehole, one risks contamination of the 
aquifer. Additional reasons for not using native mate-
rials as a filter pack are: (1) it usually is not possible to 
return material in the exact order in which it was 
extracted, and (2) replaced earth materials do not 
readily compact to their original state. 

A common method of placement of a primary fil-
ter pack is to insert a string of small-diameter pipe, 
called a tremie pipe, in the annulus between the casing 
and the borehole down to a depth that is at or below the 
bottom of the screen. The filter-pack material is fun-
neled through the tremie around the screen. The annu-
lus is backfilled slowly from the bottom up to a dis-
tance above the top that is equivalent to about 20 per-
cent of the screen length or 2 ft above the top of the 
screen, whichever is greater (ASTM, 1992). If the well 
is deep and no secondary filter pack will be installed, 
this distance should be increased accordingly to pre-
vent seepage of sealant to the screened interval (see 
discussion under “Secondary filter pack”). Use of the 
tremie pipe reduces bridging of the annulus by the filter 
pack, and also reduces the tendency for selective sort-
ing of the filter pack by grain size as it falls through the 
water down the annulus. 

An alternative to completing the well with an 
externally introduced filter pack is to allow collapse of 
the native materials around the well screen and casing. 

This method is applicable only if the native unconsoli-
dated materials in the screened interval will collapse 
around the well to form a filter pack and result in a well 
that yields sediment-free water in samples collected 
after the well is developed. 

The installation of a filter pack can be difficult or 
impossible when installing a well in karst or highly 
fractured consolidated materials because of the size and 
configuration of void spaces at the borehole (ASTM, 
1992, p. 127). A filter pack might not be necessary or 
desirable to use under these conditions. In some cases, 
the installation of a filter pack could plug water-bearing 
fractures from which ground-water samples need to be 
obtained. 

Secondary filter pack

The secondary filter pack (fig. 3) has a finer grain 
size than the primary filter pack, and is placed above 
the primary filter pack. The secondary filter pack pre-
vents material used for the overlying annular seal from 
infiltrating and clogging the primary filter pack and 
affecting water chemistry adjacent to the screen. A sec-
ondary filter pack also can be used between different 
types or sections of annular seals (ASTM, 1992, p. 124). 

The secondary filter pack should consist of rela-
tively inert material, similar to the material used for the 
primary filter pack. Uniformly graded fine sand that 
completely passes through a No. 30 U.S. Standard 
sieve, and where less than 2 percent of this sand by 
weight passes through a 200 U.S. Standard sieve 
(ASTM, 1992, p. 129) or sand sold for plaster or mor-
tar.
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The depth of the borehole to the well screen is an 
important consideration in determining the length of 
the secondary filter pack. As the depth of the well and 
the length of the column of sealant increase, the pene-
tration of sealant into the filter pack also commonly 
increases. Penetration of the sealant into the filter pack 
should be limited to less than a few inches to prevent 
contact with water in the screened or open interval 
(Hardy and others, 1989). For shallow wells, a length 
of secondary filter pack of about 1 to 2 ft (~0.3 to ~0.6 
m) commonly is recommended (Hardy and others, 
1989, p. 16; ASTM, 1992, p. 129, figs. 2 and 3). For 
deep wells, however, a secondary filter pack of 10 ft 
(~3 m) or longer could be required to prevent material 
used for the annular seal from seeping through the filter 
pack to the well screen; for wells 1,000 ft (~300 m) or 
greater, up to 60 ft (~18 m) of filter pack could be 
required (J. Izbicki, USGS, written commun., 1995). 

The method of placement of the secondary filter 
pack is similar to that for placement of the primary fil-
ter pack: a tremie pipe is inserted in the annulus of the 
borehole to the top of the primary filter pack and the 
secondary filter-pack material is funneled slowly 
through the tremie. Depending on the viscosity or other 
properties of drilling fluid being used for well installa-
tion, emplacing the secondary filter pack through a 
tremie by gravity flow might be problematic because 
the filter-pack material might not be dense enough to 
sink through the drilling fluid in the tremie. Emplace-
ment of slightly coarser materials through the tremie 
could be tried. Alternatives to a secondary filter pack 
include use of a cement basket placed immediately 
above the screened interval. This alternative method 
can have substantial effects on ground-water chemis-
try, and needs to be evaluated relative to study objec-
tives (Claassen, 1982, p. 16; Driscoll, 1986, p. 325). If 
conditions make placement of a secondary filter pack 
impractical, another alternative is to extend the primary 
filter pack up the annulus to a minimum of about 5 ft 
(~1.5 m) above the top of the screen. The primary and 
(or) secondary filter pack must not intersect multiple 
water-bearing units that otherwise would not be 
screened, and must not cross confining units, as dis-
cussed earlier under “Primary filter pack.”

Well Seals

Two types of well seals are installed above the 
filter pack: the annular seal and the surface seal. Annu-
lar seal(s) provide a plug of dense material above the 
filter pack to prevent the annulus from being a conduit 
through which water from higher unit(s) can enter and 
contaminate the screened hydrogeologic unit. The sur-
face seal prevents surface runoff down the annulus of 

the well. The most common sealant materials are 
described at the end of this section in “Characteristics 
of bentonite and cement as well seals.”

Annular seal

An annular seal is installed to prevent vertical 
flow of water within the annular space between the well 
casing and borehole wall. Ordinarily, the annular seal 
consists of a slurry of sealant (such as bentonite or 
cement) that is pumped or tremie-piped up the annulus 
from the top of the secondary filter pack (fig. 3). The 
distance between the bottom of the seal and the top of 
the well screen is an important consideration that was 
discussed under “Filter Packs.” At a minimum, a 3- to 
5-ft (~0.9- to ~1.5-m) seal overlying the filter pack is 
required to ensure proper well completion. The annulus 
can be sealed to just below the frost line, the position of 
which depends on factors such as climate and geo-
graphic location. 

An ideal seal material must develop strength 
quickly and bond to the well casing, it must seal the 
annulus between the borehole wall and casing, and 
should be chemically inert, permanent, stable, and 
resistant to deterioration (Moehrl, 1964). Failure of a 
seal usually results from a poor bond between the seal-
ant and the borehole wall, the well casing, or both; from 
bridging of the sealant during placement; or from 
swelling or shrinking of the sealant over time. 

Native materials at the site or cuttings returned 
from the borehole during drilling are not recommended 
as annular seals, although they commonly are used 
because they are readily available and inexpensive. 
Native materials might be contaminated or have 
become contaminated during drilling. Because these 
materials likely would not have adequate sealing prop-
erties, there would be no assurance that the annulus 
would be sealed. It is probable that the water-bearing 
units surrounding the native-material seal will be more 
compacted and have a lower hydraulic conductivity 
than the seal itself, thus providing hydraulic connection 
between aquifers and preferential flow along the annu-
lus of the well. 

Discussions of characteristics of annular seals 
and methods of placement can be found in detail in 
Driscoll (1986) and ASTM (1992).

Surface seal

The surface seal prevents surface runoff down 
the annulus of the well and, in situations in which a pro-
tective casing around the well is needed, holds the pro-
tective casing in place (figs. 3 and 9). The surface seal 
usually is constructed with its top surface sloping 
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Native materials at the site or cuttings returned from the borehole during drilling are commonly used as annular seals but are not recommended
because they might be contaminated and likely would not have the properties required to seal the annulus adequately.

 

Table 24.  

 

Characteristics of bentonite and cement as annular seals

 

1

 

[Information from Claassen (1982), Gillham and others (1983), Driscoll (1986), Aller and others (1989), Hardy and others (1989), and 
ASTM (1992); ~, approximately]

 

BENTONITE

 

(A hydrous aluminum silicate composed primarily of montmorillonite with pH ranging from 8.5 to 10.5)

 

Advantages:

 

• Readily available and inexpensive.
• Several options for placement of the bentonite exist. The best method, however, is as a slurry made from a quick-setting powder, 

which is pumped into the annular space through a tremie pipe.
• If it remains saturated, it remains plastic and will not crack.
• Expands 10 to 15 times the dry volume when hydrated.
• Low hydraulic conductivity (about 1 x 10

 

-7

 

 to 1 x 10

 

-9

 

 centimeters per second).

 

Disadvantages:

 

• Effectiveness of seal is difficult to assess.
• Complete bond to casing is not assured.
• If it is not pumped into the annulus as a slurry, bentonite can stick to the walls of the annulus and bridge the annulus because of 

rapid hydration.
• Because of desiccation, bentonite generally is not an effective annular seal in the unsaturated zone (and is a poor surface seal).
• Can affect the chemistry of the surrounding ground water by cation exchange of Na, Al, K, Mg, Ca, Fe, and Mn from the 

bentonite with other cations in the ground water.
• Sets with a pH between 8.5 and 10.5, which can affect the chemistry of surrounding ground water that differs in pH.
• Most bentonites contain about 4-6 percent organic matter, which could affect the concentration of some organic constituents in 

ground water.
• Bentonite can react with high-salinity ground water and not set properly, resulting in a poor annular seal.

 

CEMENT

 

(Composed of calcium carbonate, alumina, silica, magnesia, ferric oxide and sulfur trioxide with pH ranging from 10 to 12)

 

Advantages:

 

• Readily available and inexpensive.
• Can assess continuity of placement using temperature or acoustic-bond logs.

 

Disadvantages:

 

• Requires mixer, pump, and tremie pipe for placement.
• Generally, cleanup required exceeds that required for bentonite.
• Contamination can be introduced to borehole by the pump.
• Failure of the cement to form a seal can occur because of premature or partial setting, insufficient column length, voids or gaps 

in the column, or excessive shrinkage.
• Neat cement (cement and water) will shrink during the curing process, which could result in a poor seal between the cement and 

the casing or the borehole wall (Aller and others, 1989, p. 196).
• Heat of hydration during curing can deform or melt thermoplastic casing such as PVC in a 2-inch (~5 centimeter) annulus filled 

with cement as temperature rises to about 35-45

 

°

 

F (Smith, 1976; Driscoll, 1986, p. 324).
• Additives to the cement that compensate for natural shrinkage can cause an increase in pH, dissolved solids, and temperature of 

the ground water during the curing process. The increased pH can cause precipitation of calcium and bicarbonate ions from 
ground water that has a pH less than that of cement.

• Soluble salts in the cement can be leached by the ground water, thereby increasing the concentrations of calcium and bicarbonate 
in the ground water.

• Cement can cause unusually high values of pH in ground-water-quality samples.
• Most cement will react with high-sulfate ground water and deteriorate.
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or granules of bentonite down the annulus. Because 
bentonite hydrates rapidly, a major problem with this 
method is that the bentonite can stick to the borehole 
wall or casing and ultimately bridge the annulus far 
above its intended location of emplacement. This 
bridging occurs more readily with the granules of ben-
tonite, but is also can occur with the pellets. Uneven 
hydration of pellets can lead to air pockets and path-
ways for downward movement of water.

In some situations, use of one chemical type of 
bentonite is preferable over another. For example, of 
the two types of bentonite commonly used for annular 
seals (sodium bentonite and calcium bentonite), cal-
cium bentonite is recommended in high-calcium envi-
ronments because shrinkage from long-term calcium-
for-sodium ion exchange is reduced; sodium bentonite, 
however, generally has greater expandability (Aller 
and others, 1989, p. 194). 

Bentonite slurry has a relatively high pH of 
between 8.5 and 10.5 and has a high cation-exchange 
capacity. Thus, bentonite can affect the chemistry of 
ground water it contacts by the exchange of sodium, 
aluminum, and manganese cations from the bentonite 
for cations in the ground water.

Cement mixed with clean water in a proportion 
of 1 ft

 

3

 

 (~23.3 L) of cement to about 5 gal (~19 L) of 
water is used for well seals. Aller and others (1989, 
p. 196) describes five general types of Portland cement: 
Type I is suitable in most environments for use in well 
completion. Type II is used for situations in which 
moderate sulfate resistance or moderate heat of hydra-
tion is required. Type III is used when a quick setting, 
strong seal is required. Type IV is used for situations in 
which low heat of hydration is required. Type V is used 
for situations in which high sulfate resistance is 
required. 

Sealing the annular space with cement usually is 
done by pumping the cement into the annulus through 
a tremie pipe. The method of placement is similar to 
that for placement of the filter packs and the short ben-
tonite seal: a tremie pipe is inserted into the annulus of 
the borehole to the top of the underlying filter pack or 
short bentonite seal and the cement is pumped slowly 
through the tremie. Experiments indicate no significant 
penetration of cement into a fine-grained filter pack 
composed of uniform sand with grain size finer than 
0.025 in. (0.6 mm), or into nonuniform sand with a 
hydraulic conductivity less than 400 ft/d (122 m/d or 
~0.14 cm/sec) (Driscoll, 1986, p. 325).

Factors that can contribute to failure of a cement 
seal include premature or partial setting of the cement; 
insufficient seal length; voids or gaps in the seal col-
umn, usually caused by contact of the casing with the 
borehole wall or by the presence of washouts; exces-
sive shrinkage of the cement; and collapse of the casing 
(Driscoll, 1986, p. 330). Two important steps can be 
taken to minimize the possibility of a cement seal fail-
ure: (1) position the tremie pipe near the bottom of the 
annulus and withdraw it slowly as cement fills the 
void—this minimizes bridging of the annulus by the 
cement; and (2) complete placement in one continuous 
operation.

The heat of hydration during curing of neat 
cement (cement and water) can deform or melt thermo-
plastic casing such as PVC. For example, if cement fills 
a 2-in. (~5-cm) annulus, the heat produced during 
hydration results in a temperature rise of about 35 to 
45

 

°

 

F (~1.7 to 7.2

 

°

 

C) (Smith, 1976; Driscoll, 1986, 
p. 324).

Chemically, cement is composed of calcium car-
bonate, alumina, silica, magnesia, ferric oxide and sul-
fur trioxide, and has a pH that ranges from about 10 to 
12. Claassen (1982, p.16) describes some of the possi-
ble effects of cement on water chemistry. Neat cement 
will shrink during the curing process and this shrinkage 
can result in a poor seal between the cement and the 
casing or the borehole wall. Additives can compensate 
for this natural shrinkage of cement, but cause a sub-
stantial increase in pH, dissolved solids, and tempera-
ture during the curing process. The increased pH can 
cause precipitation of calcium and bicarbonate ions 
from the ground water that has a lower pH than that of 
the cement. Alternatively, if the pH decreases during 
pumping of ground water past the cement seal, soluble 
salts in the cement can be leached, thereby increasing 
the concentrations of calcium and bicarbonate in the 
ground water. 

 

Protective Casing

 

A protective casing commonly is installed 
around a well to protect it from damage and to prevent 
unauthorized access to the well. The protective casing 
is emplaced during installation of the surface seal and 
must extend below the frost line (ASTM, 1992). One 
design for a protective casing consists of a steel casing 
with a vented, lockable protective cover (figs. 3 or 9) 
and a weep hole. The weep hole is about 0.25-in. in 
diameter, drilled through the protective casing about 
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6 inches above ground level. This hole permits conden-
sation to drain out of the annular space between the 
protective casing and the well casing. It also allows 
water from a well that occasionally flows under arte-
sian conditions to escape from between the protective 
casing and the well. ASTM (1992, p. 132) also sug-
gests that coarse sand, pea gravel, or both be placed in 
the annular space between the protective casing and the 
well to prevent entry and nesting of insects through the 
weep hole. 

Flush-mounted casing is used to complete wells 
that are level with or slightly below land surface. These 
wells are installed in areas such as parking lots where a 
well that extends above land surface is impractical. 
Several factors to consider when using flush-mounted 
casing have been suggested by Michael Lico (U.S. 
Geological Survey, written, commun., 1996) and John 
Mullaney (U.S. Geological Survey, written commun., 
1996).

(1) Access to well. 

• The well must be located where access can be 
assured. For example, flush-mounted wells should not 
be installed at the end of cul-de-sacs or edges of park-
ing lots where they could be buried by snowbanks.

• Flush-mounted protective casing can be problematic 
if installed in a low-lying area or an area that receives 
surface runoff. Standing water or runoff can infiltrate 

the annulus of the well or flow down the inside of the 
well casing. Standing water in flush-mounted protec-
tive casings can freeze in winter, which makes gain-
ing access to the well difficult and time consuming.

(2) Construction of flush-mounted casing. 

• The steel manhole casing must have a bolted or 
locked manhole cover. 

• The cement surface seal needs to extend well below 
the frost line to prevent heaving of the well and the 
protective casing, and breaching of the surface seal.

• Drain holes drilled around the bottom of the protec-
tive casing will help drain standing water (drain holes 
are essential for wells in low lying areas).

• To prevent standing water from infiltrating the well, 
use a well cap that has a rubber gasket to seal the well 
or use a locking or nonlocking pressure plug. Note 
that these seals can prevent air pressure inside the well 
casing from equilibrating with atmospheric pressure, 
which can affect the water level for a period of time, 
even after removal of the well cap. 

(3) Difficulty in finding the well.

• Document the well location in the field folder using 
distances that were measured between several perma-
nent and easily identified points and the well.

• Use a metal detector to locate the steel manhole cas-
ing.
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Well Development

 

Well development helps restore the aquifer at the 
screened or open section of the well to its original con-
dition. Well installation can cause a decrease in aquifer 
permeability, changes in aquifer stratification, and 
aquifer contamination by drilling fluids. Redevelop-
ment of a well is required when there is a buildup of 
sedimentation in the well or clogging of the aquifer or 
well screen over time.

Restoring the physical characteristics of the aqui-
fer to its pre-drilled condition is necessary to ensure a 
good hydraulic connection between the well and the 
aquifer, to increase well capacity, and to remove fine-
grained material from the aquifer near the well screen 
that might otherwise enter the well and cause excessive 
pump wear or might bias water analyses. These are 
achieved by removing loose material introduced during 
drilling, loosening or redistributing native materials 
compacted by the installation process, and removing 
fine-grained material from the vicinity of the well 
screen.

Restoring the chemical quality of the ground 
water to its pre-drilled condition is necessary to ensure 
that the water-quality samples collected will be repre-
sentative of native ground water. This is achieved by 
removing drilling fluids and other foreign materials 
that could penetrate the aquifer. The efficacy of well 
development to remove foreign materials is evaluated 
by monitoring turbidity and other field measurements 
throughout the development process. Measuring tur-
bidity as the well is developed is a requirement of some 
regulatory and military agencies.

Well development is documented by recording 
on field forms the method(s) used and time required for 
development; equipment used; static water level; esti-
mate of volume of water removed; the visual appear-
ance (clarity) of the discharge water; well character-
istics such as depth of the well, well diameter, and 
depth to the screened or open interval; and measure-
ment of turbidity and other field parameters, such as 
specific electrical conductance and pH (fig. 17). Infor-
mation also can be collected during well development 
to evaluate requirements that will be needed for purg-

 

STANDARD PROCEDURE

 

: SELECT A 
DEVELOPMENT METHOD THAT AVOIDS 
INTRODUCTION OF AIR, FOREIGN 
WATER, OR CHEMICALS TO THE AQUIFER 

 

DURING DEVELOPMENT, IF POSSIBLE.

 

ing the well prior to sample collection. After pumping, 
the rate of recovery and time required for recovery of 
the water level can be used to estimate the time 
required for purging. For example, if the recovery rate 
of the water level in the well is slow even after devel-
opment, it might be necessary to plan to purge the well 
a day or several hours before sample collection. The 
recovery time also can be used to determine the pump-
ing rates for purging, and to determine if an alternative 
method of pumping is required. In addition, wells can 
be screened for selected contaminants during develop-
ment (see “Field screening during development”).
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Selected Methods

 

The general approach to development involves 
dislodging and moving fine-grained material and drill-
ing fluid out of the aquifer and into the well, and then 
from the well itself, until pre-drilling conditions in the 
aquifer are restored. The six methods of well develop-
ment described briefly in this section, in order of rec-
ommended use, include bailing; mechanical surging; 
pumping or overpumping, with backwashing; indirect 
eduction; backwashing; and jetting and surging with 
water or air.

 

8

 

 Often, combinations of these six methods 
are used. For example, after bailing, the well might be 
pumped, during which field parameters are measured. 
Well development methods can introduce contami-
nants to the subsurface; therefore, the best techniques 
are those that avoid injection of air, foreign water, and 
chemicals (for example, deflocculation or dispersing 
agents, acids, surfactants, and disinfectants) into the 
aquifer. The methods are described in order of recom-
mended use for restoring the chemical quality of the 
ground water to its pre-drilled condition.

 

8

 

Detailed discussion of these and other methods of 
well development can be found in many references, includ-
ing Driscoll (1986), Gass (1986), Shuter and Teasdale 
(1989), and Roscoe Moss Company (1990). General well-
development techniques that are appropriate for obtaining 
water samples representative of ground water also are pre-
sented in Claassen (1982), Aller and others (1989), and 
ASTM (1992, p. 132-133).
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